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Purpose:  Script training, in which functional, scripted monologues or dialogues are 
trained, is an effective intervention for individuals with aphasia and apraxia of speech. It 
has been shown to improve production of scripted speech, allowing individuals to more 
effectively communicate and socially engage in conversational contexts. A previous study 
evaluating the efficacy of script training in individuals with nonfluent/agrammatic PPA 
(nfvPPA; Henry et al., 2018) documented improved production of trained scripts at post-
treatment, with maintenance up to one year post-treatment. However, treatment-induced 
changes in discourse measures have yet to be evaluated, in part due to the time and labor-
intensive nature of discourse analysis. The purpose of this study was to evaluate the utility 
of discourse-level measures for capturing treatment outcomes in individuals with nfvPPA 
who have undergone script training. Specifically, we examined speech fluency, grammar, 
and informativeness using metrics derived with minimal hand-coding of transcriptions. 
 
 vi 
Method: Language samples from 20 individuals (n=10 from a previous study) with 
nfvPPA who underwent Video-Implemented Script Training for Aphasia (VISTA) were 
analyzed for this study. Probes eliciting responses to trained and untrained script topics at 
pre- and post-treatment were transcribed and coded using Computerized Language 
ANalysis (CLAN, MacWhinney, 2000). Transcriptions were analyzed for words per 
minute (WPM), fluency disruptions per hundred words, mean length of utterance in 
morphemes (MLUm), grammatical complexity, propositional idea density, and proportion 
of open to closed class words. 
Results:  Participants demonstrated significant improvement for trained topics from pre- 
to post-treatment in WPM, fluency disruptions per hundred words, MLUm, grammatical 
complexity, and proportion of open to closed class words. A significant difference was also 
observed for untrained topics in fluency disruptions per hundred words.  
Conclusion:  Complementing previous findings (Henry et al., 2018), novel discourse 
measures revealed improvements in grammar and speech rate for trained material 
following VISTA. Additionally, speech fluency improved during production of both 
trained and untrained material. These findings lend additional support for script training as 
a means to improve connected speech production in individuals with nfvPPA. Further, this 
study illustrates the utility of discourse measures calculated automatically in characterizing 
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PRIMARY PROGRESSIVE APHASIA 
Primary progressive aphasia (PPA) is a clinical syndrome characterized by 
progressive deterioration of speech and language with relative sparing of cognitive and 
non-speech motoric functions in its initial stages (Gorno-Tempini et al., 2011; Mesulam, 
1982). With progression of the underlying neurodegenerative disease, individuals with 
PPA begin to experience more global changes, including motoric impairments, cognitive 
deficits, and changes in behavior or personality (Dickerson, 2011; Harciarek et al., 2014; 
Rogalski & Mesulam, 2009). International consensus criteria delineate three distinct PPA 
phenotypes, with unique clinical presentations and patterns of underlying brain atrophy 
(Gorno-Tempini et al., 2004, 2011; Wilson et al., 2010). Two clinical variants, semantic 
PPA and nonfluent/agrammatic PPA, are commonly associated with frontotemporal lobar 
degeneration (tauopathy or TDP-43 proteinopathy; Spinelli et al., 2017). The third variant, 
logopenic PPA, is most commonly associated with underlying Alzheimer’s pathology 
(Spinelli et al., 2017). 
The nonfluent/agrammatic variant of PPA (nfvPPA), which is the focus of this 
study, is characterized by grammatical deficits in language production and/or effortful, 
halting speech consistent with apraxia of speech (Ash et al., 2010; Gorno-Tempini et al., 
2011; Grossman, 2012; Montembeault et al., 2018). In addition to these deficits, consensus 
criteria for nfvPPA dictate that two of the following characteristics must also be present: 
reduced comprehension of syntactically complex sentences, spared single-word 
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comprehension, and intact object knowledge. Neuroimaging studies have shown left 
posterior fronto-insular atrophy to be associated with this clinical syndrome (Gorno-
Tempini et al., 2011; Grossman, 2012). Speech in this population is often markedly reduced 
in rate and may present as telegraphic or distorted, with frequent pauses and repetitions 
(Ash et al., 2010, 2013; Croot et al., 2012; Santos-Santos et al., 2016; Thompson et al., 
1997, 2012; Wilson et al., 2010). Deficits in grammatical ability may be noted in the spoken 
language of individuals with nfvPPA, with reductions in syntactic complexity and mean 
length of utterance (MLU) as well as an increase in grammatical errors (Ash et al., 2006, 
2009, 2010, 2013; Graham et al., 2004; Grossman, 2012; Jokel et al., 2014; Knibb et al., 
2009; Rohrer et al., 2010a; Sajjadi et al., 2012; Santos-Santos et al., 2016; Tetzloff et al., 
2019; Thompson et al., 1997, 2012, 2013; Wilson et al., 2010). Additionally, some 
individuals with nfvPPA show impaired syntax in writing (Grossman et al., 1996; Tetzloff 
et al., 2019). Motor speech deficits and impaired grammatical ability may present in 
isolation or in combination and vary in severity. Some have argued that nfvPPA without 
agrammatism constitutes a distinct variant, referred to as primary progressive apraxia of 
speech (PPAOS) (Josephs et al., 2012; Jung et al., 2013; Tetzloff et al., 2019); whereas  
patients with relatively pure agrammatism have been referred to as PPA-agrammatic 
(Mesulam et al., 2009). The range of clinical profiles encompassed by the current 
consensus designation of nfvPPA highlights the need for consideration of an array of 




TREATMENT OF NONFLUENT APHASIA: EVIDENCE FROM STROKE-INDUCED APHASIA 
RESEARCH 
Research investigating speech-language interventions for nfvPPA is sparse relative 
to treatment for nonfluent aphasia secondary to stroke. However, the treatment literature 
for nonfluent stroke-induced aphasia is informative when considering treatment for 
nfvPPA due to some similarities in behavioral presentation. More specifically, individuals 
with nonfluent aphasia caused by stroke also can present with both agrammatism and motor 
speech deficits. As such, clinicians may utilize interventions targeting specific aspects of 
fluency or speech production (e.g., syntax or motor speech) or those that target linguistic 
and motoric domains simultaneously. Treatments addressing grammatical deficits in 
nonfluent aphasia include programs aimed at increasing syntactic complexity in production 
through explicit (e.g., Treatment of Underlying Forms: Thompson & Shapiro, 2005) or 
implicit training of syntactic structures (e.g., Sentence Production Program for Aphasia: 
Helm-Estabrooks et al., 2000) or by retraining the links between surface sentence form and 
underlying meaning (e.g., Mapping Therapy, Rochon et al., 2005). Other interventions 
address deficits in fluency at the motor and/or phonological level through motor learning 
via sensory feedback approaches incorporating directed articulation and phonological 
association practice (e.g., Sound Production Treatment: Wambaugh et al., 1998; 
Wambaugh & Mauszycki, 2010; Phonetic Placement Therapy: Van Riper, 1947, 
Austermann et al., 2008; Ballard et al., 2007). Additionally, some have targeted fluency in 
speech production through metrical pacing or the incorporation of melody in production of 
phrases or discourse (e.g., Albert et al., 1973; Wambaugh et al., 2012).  
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Script training is another treatment approach for nonfluent aphasia in which 
individuals learn a dialogue or monologue verbatim through repeated practice of scripted 
material. This approach has shown the potential to improve motoric and grammatical 
dimensions of fluency in the spoken production of people with stroke-induced nonfluent 
aphasia and apraxia of speech (Bilda, 2011; Cherney et al., 2008; Cherney & Halper, 2008; 
Goldberg et al., 2012; Grasso et al., 2019; Holland et al., 2002; Lee et al., 2009; Youmans 
et al., 2005, 2011). It is thought that intensive, repetitive practice of scripts lends 
automaticity to the act of speaking the scripted material, capitalizing on the tendency of 
automatic speech to be preserved in those with nonfluent aphasia and apraxia of speech 
(Dronkers, 1996; Lum & Ellis, 1999). Through repetition and exposure to correct 
grammatical structures, script training is also thought to improve syntactic production 
without explicit training of syntax (Cherney et al., 2008; Goldberg et al., 2012; Youmans 
et al., 2005). Scripts may be generic or personalized to specific areas of interest or 
communicative needs in order to promote functionality for the individual. Often, 
participants proceed through a hierarchy of training tasks including choral reading, 
repetition, and independent production. “Speech-entrainment,” a training technique in 
which a participant speaks in unison with an audio-visual model of a healthy speaker, has 
been observed to have fluency-enhancing effects for scripted material in individuals with 
nonfluent aphasia (Bonilha et al., 2019; Fridriksson et al., 2012, 2015). Script training 
interventions implementing speech-entrainment or unison speech production tasks have 
resulted in improvements in production of scripted material and speech rate for people with 
stroke-induced nonfluent aphasia or apraxia of speech via training with a clinician (Ali et 
al., 2018; Bilda, 2011; Costello-Yacono & Balasubramanian, 2018; Fridriksson et al., 
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2012, 2015; Goldberg et al., 2012; Szabo et al., 2014; Youmans et al., 2005) or a virtual 
therapist model (Cherney et al., 2008, 2014, 2019; Cherney & Halper, 2008; Lee et al., 
2009). Additionally, script training has been successfully applied in the treatment of 
nfvPPA (Henry et al., 2018), which we discuss further in the following section. 
TREATMENT OF NONFLUENT/AGRAMMATIC VARIANT PRIMARY PROGRESSIVE 
APHASIA 
In the initial stages of nfvPPA, restitutive treatment has been shown to be 
efficacious in improving speech and language abilities and may hold prophylactic value, 
protecting treated targets and skills in the face of progressive decline (Henry et al., 2018; 
Meyer et al., 2019; Murray, 1998). While there are numerous studies examining treatment 
effects for interventions targeting deficits in lvPPA and svPPA (for reviews, see Cadório 
et al., 2017; Croot et al., 2009; Jokel et al., 2014; Kortte & Rogalski, 2013; Rising, 2014; 
Tippett et al., 2015), there are only a handful of studies that have examined restitutive 
speech-language interventions for grammatical or motor speech deficits in nfvPPA 
(Hameister et al., 2017; Henry et al., 2013, 2018; Machado et al., 2014; Schneider et al., 
1996). Results from these interventions indicate the potential for grammatical and motor 
speech treatments adapted from approaches in stroke-induced aphasia to benefit 
individuals with nfvPPA as well. 
Some studies have focused on training verb tenses in order to address grammatical 
deficits in nfvPPA. In one study, a participant was trained in the production of past, present 
progressive, and future verb tenses through spoken production and a system of gestures. In 
response to questions regarding photo stimuli, either verbal or gestural responses were 
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accepted as correct. Results indicated this yielded improved performance in sentence 
production with trained verbs and showed generalization to untrained verbs within trained 
tenses. Similarly, another study trained verb tenses in the context of sentence production 
through the use of a cloze procedure technique (Machado et al., 2014). The individual with 
nfvPPA, whose verbal output at pre-treatment was limited to nouns and short phrases, 
showed improvement in production of correct verb tenses in sentence completion tasks at 
post-treatment. 
Another intervention that focused on retrieval of verbs also incorporated training 
of appropriate grammatical structures in verbal descriptions of simple picture stimuli 
(Hameister et al., 2017). The protocol was a form of constraint-induced therapy in which 
the two participants with nfvPPA were encouraged to speak in syntactically correct 
sentences or phrases and refrain from using other communicative modalities. A clinician 
provided feedback and modeled grammatically appropriate phrases and sentences of 
increasing complexity over the treatment period. Results indicated that the participants 
produced significantly more complete, grammatical responses to the picture stimuli at post 
treatment. 
Other studies have addressed the motoric deficits common to individuals with 
nfvPPA. In a novel approach involving structured oral reading, Henry and colleagues 
targeted articulation of multisyllabic words in a participant with mild AOS and nfvPPA 
(Henry et al., 2013). While reading aloud, the clinician guided the participant through a 
hierarchy of speech production tasks for misarticulated multisyllabic words, beginning 
with segmented (syllable-by-syllable) articulation and progressing to production of the 
word in the context of the full sentence. Additionally, the participant was assigned oral 
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reading homework and encouraged to self-identify errors and employ practice with the 
segmentation hierarchy learned in treatment sessions. Improvements were observed in the 
number of speech errors and successful self-corrections in reading of trained and untrained 
texts at post treatment. These improvements were maintained at 12-month follow-up, with 
continued home practice.  
Another intervention targeting more severe motor speech deficits in nfvPPA was 
adapted from rate and rhythm control interventions for AOS in stroke-induced aphasia 
(Beber et al., 2018). Treatment employed pacing strategies and elongation of initial sounds 
in words to aid with initiation and production of speech. Qualitative results indicated 
increased independent implementation of the strategies, which were observed to aid in 
production of single words and short phrases. 
Script training, as previously mentioned, holds promise in addressing the core 
deficits of nfvPPA. Henry and colleagues (2018) examined the results of intervention in 
mild-moderate nfvPPA using Video-Implemented Script Training for Aphasia (VISTA, 
Henry et al., 2018). VISTA is an intervention in which production of personalized scripts 
is trained via practice with a clinician as well as at-home training using speech entrainment 
practice. Videos are created for each script, with content spoken by a gender-matched 
healthy speaker serving as an audio-visual model. Linguistic and articulatory complexity 
are tailored to the individual patient and the rate at which the model produces the 
participant’s scripts is determined on an individual basis, taking into account their current 
spontaneous speech rate. Targeted practice of the script in training is undertaken during 
twice-weekly sessions with a clinician, proceeding through a hierarchy of tasks targeting 
accurate speech production and memorization. Additionally, participants are required to 
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participate in speech-entrainment home practice with their script for at least 30 minutes per 
day in order to promote memorization of content and automaticity of production. 
Outcome measures in this initial pilot study indicated that intervention with VISTA 
resulted in improvements in percent correct, intelligible scripted words and reductions in 
grammatical errors for trained scripts as well as improved overall intelligibility at post-
treatment. Importantly, improvements for trained scripts showed maintenance over a year-
long follow-up period, suggesting the effects of this intervention are robust. While the 
target of massed script practice is learned automaticity of scripted content, the implicit goal 
of treatment is improved functional communicative ability. Based on the theory of 
automatization (Logan, 1988), it is traditionally not expected for improvement related to 
script training to generalize to other tasks or areas of deficit as the training involves practice 
of a whole task procedure rather than individual component skills. However, 
comprehensive analysis of changes on untrained discourse samples following VISTA and 
other script-training interventions has yet to be undertaken. 
DISCOURSE ANALYSIS IN APHASIA 
Although the use of standardized cognitive-linguistic assessment tools is common 
in clinical practice, these assessments are thought to have shortcomings in predicting 
communication abilities in functional contexts (Beeke et al., 2008; Herbert et al., 2008; 
Kemper & Kemper, 2006; Mayer & Murray, 2003; Ulatowska et al., 2003). Discourse 
analysis involves characterizing and evaluating linguistic structures from connected speech 
at the sentence level and beyond. This approach has been applied in aphasia treatment 
studies with increasing frequency (Bryant et al., 2016). Through examination of speech in 
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tasks that more closely resemble real-world communicative contexts, a clearer picture of 
true abilities may emerge. 
Several methods of linguistic assessment of discourse have been implemented in 
aphasia treatment research (e.g., Quantitative Production Analysis: Saffran et al., 1989; 
Shewan Spontaneous Language Analysis: Shewan, 1988; Language Assessment 
Remediation and Screening procedure: Crystal et al., 1976; Northwestern Narrative 
Language Analysis, Thompson, 2013). These systems are often used in conjunction with 
measures of communication efficiency and information content (e.g., calculation of correct 
information units, Nicholas & Brookshire, 1993) to provide a comprehensive 
characterization of productive language ability.  
One of the more commonly applied systems, Quantitative Production Analysis 
(QPA, Saffran et al., 1989), has been used to derive numerous measures from discourse 
samples. Saffran et al. outline a reproducible method for extracting samples from 
productions of well-known narratives (e.g., a classic fairytale), segmentation of utterances 
based on a hierarchy of structural indexes, and quantification of a variety of linguistic 
components that can be compared across groups and individuals. Data yielded via QPA 
include morphological, lexical, and syntactic measures. QPA and other systems have been 
implemented in studies of aphasic speech, aiding in identification of measures which 
reliably distinguish between the speech of people with aphasia and controls (Fromm et al., 
2016; Rochon et al., 2000; Saffran et al., 1989; Thompson & Shapiro, 1995), as well as 
describe differences between subtypes of aphasia and PPA (Ash et al., 2013; Bird & 
Franklin, 1996; Fraser et al., 2014; Fromm et al., 2016; Mack et al., 2015; Saffran et al., 
1989; Wilson et al., 2010). However, these discourse analysis procedures frequently 
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require elicitation of samples of a specific length, which can be prohibitive for more 
impaired individuals with sparse output. Additionally, this method necessitates extensive 
coding that is both time-consuming and demands high-level knowledge regarding syntactic 
structures, limiting its functional utility in standard clinical settings. 
Computerized analysis tools have been developed to address the burden of 
transcribing and coding discourse samples by hand. Of these, Computerized Language 
ANalysis (CLAN, MacWhinney, 2000) and Systematic Analysis of Language Transcripts 
(Miller & Iglesias, 2012) are the most frequently used software applications in discourse 
analysis in aphasia treatment (Bryant et al., 2016). These programs allow for automated 
calculation of a variety of linguistic measures derived from transcribed samples coded for 
specific forms and structures, reducing both the time demand and potential for human error 
in calculation or identification of particular morphological or syntactic structures. Though 
analysis via CLAN has yet to prove as accurate as hand-coding methods for aphasic speech 
analysis at the sentence- or utterance-level without the use of additional hand-coded 
elements (e.g., Hsu & Thompson, 2018), the automation of coding of morphological and 
lexical structures holds promise for enabling discourse analysis to be implemented more 
efficiently in research and for improving access to and use of this diagnostic tool for 
clinicians. 
Because script training generally targets speech production for use in a functional 
context, discourse analysis is an ideal candidate for capturing treatment-induced change 
for this intervention. As yet, a handful of script training treatment studies in nonfluent 
aphasia have used elements of discourse analysis (Cherney et al., 2008; Cherney & Halper, 
2008; Costello-Yacono & Balasubramanian, 2018; Fridriksson et al., 2012; Goldberg et 
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al., 2012; Grasso et al., 2019; Henry et al., 2018; Nobis-Bosch et al., 2011; Youmans et al., 
2005). These studies selected a variety of measures to characterize treatment-related 
change in their participants, including measures of content, grammaticality, fluency, and 
intelligibility.  
The content of connected speech samples in script training studies has generally 
been examined through comparison of output to the target scripted words (e.g., number of 
scripted words). Fridriksson et al., however, instead calculated the percentage of different 
words produced and found significant increases following script training with speech-
entrainment (Fridriksson et al., 2012). Grammatical measures including number of script-
related morphemes, nouns, verbs, and modifiers (Cherney et al., 2008; Cherney & Halper, 
2008), number of grammatical errors per 100 words (Grasso et al., 2019; Henry et al., 
2018), subject-verb-object structure production (Costello-Yacono & Balasubramanian, 
2018), and percentage of words with grammatical morphemes (Goldberg et al., 2012) have 
also shown relative improvement at post-treatment. Two studies (Goldberg et al., 2012; 
Youmans et al., 2005) also examined disfluencies (e.g., repetitions and revisions), 
revealing a reduction at post-treatment that was significant in Youmans et al., 2005 but not 
for Goldberg et al., 2012. Intelligibility, as measured by percent of intelligible words, was 
found to significantly increase post-script training in two studies (Grasso et al., 2019; 
Henry et al., 2018). Speech rate was also found to be sensitive to script training effects, 
showing an increase at post-treatment (Ali et al., 2018; Cherney et al., 2008, 2014; Cherney 
& Halper, 2008; Costello-Yacono & Balasubramanian, 2018; Goldberg et al., 2012; Moss, 
2009; Szabo et al., 2014; Youmans et al., 2005, 2011).  
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While these studies illuminate the potential for discourse analysis to characterize 
treatment-induced changes relative to script training, most focus on stroke-induced 
aphasia, where the potential for recovery is well documented, and very few studies have 
examined discourse-level changes in untrained speech samples.  
MEASURING GENERALIZATION IN DISCOURSE MEASURES FOLLOWING SCRIPT 
TRAINING 
Script training has been shown to be efficacious in the treatment of stroke-induced 
nonfluent aphasia and nfvPPA in that it gives individuals a means of communicating 
functional content in their daily life. Investigation of generalization effects in script training 
provides a window into whether script training could yield some benefit beyond explicitly 
trained scripts, addressing the underlying deficits associated with nonfluent aphasia in 
stroke and nfvPPA. 
Some studies examining the effects of script training in stroke-induced aphasia have 
documented improvement at post-treatment in communicative ability as measured by 
functional communication assessments or self-report measures (Bilda, 2011; Cherney et 
al., 2011, 2015; Fridriksson et al., 2012; Goldberg et al., 2012; Manheim et al., 2009; 
Nobis-Bosch et al., 2011; Youmans et al., 2011). Others have investigated generalization 
in terms of how well the participants produced their scripts in novel contexts or with novel 
partners (Goldberg et al., 2012; Youmans et al., 2005). However, to our knowledge, only 
two studies have examined the potential for generalization of benefit to untrained discourse 
following script training (Costello-Yacono & Balasubramanian, 2018; Nobis-Bosch et al., 
2011). In Nobis-Bosch et al., 2011, participants’ responses during an interview at pre- and 
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post-treatment were analyzed for linguistic parameters (i.e., percentage of open class 
words, type token ratio, percentage of syntactically complete clause-like units, percentage 
of clause-like units in compound sentences, and MLU) using Aachen-Sprach-Analysis 
(Grande et al., 2008). Results indicated that small subsets of participants improved on at 
least one linguistic measure (e.g., four of 18 improved with regard to MLU; two of 18 
improved for percentage of open class words), but no specific patterns of change related to 
script training were found (Nobis-Bosch et al., 2011). Costello-Yacono and 
Balasubramanian, 2018, compared the effects of script training with that of Verb Network 
Strengthening Treatment (VNeST, Edmonds, L., Nadeau, S., Kiran, 2009) in two 
participants with nonfluent aphasia in a crossover study. Connected speech samples were 
collected once weekly during each of the interventions (each 9 weeks in duration) through 
elicitation of a procedural narrative, picture description, or response to a short video. These 
were transcribed and analyzed for speech rate (words per minute), sentence-verb-object 
productions, and errors (number of paraphasias, repetitions, omissions, substitutions, non-
responses, incomplete utterances, morphological errors, fillers, and perseverations). 
Numerical increases were observed during the course of script training for one participant 
in speech rate and sentence-verb-object production, while errors remained variable for both 
participants (Costello-Yacono & Balasubramanian, 2018). Further examination of the 
Percentage of Data Exceeding the Median scores (PEM) for these measures indicated that 
script training was moderately effective for one participant for rate of speech and 
production of sentence-verb-object structures, highly effective for one participant for rate 
of speech, and ineffective for reducing errors  production in both participants (Costello-
Yacono & Balasubramanian, 2018). 
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With regard to nfvPPA, the results of Henry et al. (2018) provide an indication that 
script training may result in generalized improvement in grammar, as evidenced by a 
decrease in the number of grammatical errors in untrained script topics and improvement 
on a standardized test of grammatical production (the Northwestern Anagram Test, 
Weintraub et al., 2009) for some participants; however, significant changes were not 
observed at the group level for these metrics. Further investigation is needed in order to 
assess the potential for script training to benefit grammatical ability and fluency in 
untrained connected speech in both stroke-induced nonfluent aphasia and nfvPPA.  
To our knowledge, no script training studies have characterized treatment response 
via detailed linguistic analysis examining multiple language domains in both trained and 
untrained language samples in nfvPPA. Given preliminary evidence that measures of 
speech production and fluency may be sensitive to treatment-induced change via script 
training in nfvPPA, a more thorough investigation of candidate outcome measures derived 
from discourse analysis and applied to both trained and untrained language samples is 
warranted. 
CURRENT STUDY 
In the pilot VISTA study, accuracy, intelligibility and grammaticality of production 
were analyzed, with promising outcomes for trained scripts and minimal generalization to 
untrained content. In the current study, we evaluated the utility of additional, largely-
automated discourse analysis procedures for characterizing VISTA treatment response. 
Specifically, we examined treatment-induced changes on metrics capturing speech fluency, 
grammar, and informativeness at the discourse level in a larger nfvPPA patient sample 
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(n=10 from the original study and n=10 new patients). Variables of interest were extracted 
from participants’ trained and untrained connected speech samples using CLAN software 
and performance at post-treatment was compared to pre-treatment.   
Based on findings from the previous study (Henry et al., 2018), we predicted that 
trained script samples would show significant improvement on discourse measures from 
pre- to post-treatment. Specifically, we predicted a significant increase in words per 
minute, mean length of utterance in morphemes, grammatical complexity, and 
propositional density and a significant decrease in fluency disruptions per hundred words 
and proportion of open to closed class words. We also predicted that improvements would 
differ significantly between trained and untrained topics from pre- to post-treatment, with 
trained topics demonstrating greater improvement. Finally, we predicted that generalized 
improvement on untrained samples would not be significant at the group level, but that 




A total of 20 individuals (12 females) meeting current consensus criteria (Gorno-
Tempini et al., 2011) for nonfluent/agrammatic variant PPA participated in this study. 
Participants were recruited via the primary research sites (the University of Texas at Austin 
or the University of California, San Francisco) where written consent to participate was 
obtained from all individuals. All procedures were approved by the institutional review 
 
 16 
boards at both institutions. The cohort had a mean age of 68 (range: 57-78), and an average 
of 17 years of education (range: 12-22). All participants were White/Caucasian native 
speakers of English and were functionally monolingual. Assessment data and data 
regarding treatment outcomes were previously reported for a subset of participants 
included in this study (n = 10; Henry et al., 2018).  
 To be considered eligible for participation in the current study, individuals were 
required to meet diagnostic criteria for nonfluent/agrammatic variant PPA including the 
core features of agrammatism in production and/or effortful, halting speech, consistent with 
features of apraxia of speech (Gorno-Tempini et al., 2011). Diagnosis of PPA variant was 
determined by neurologists employing current consensus criteria and verified by 
comprehensive speech-language and cognitive assessment conducted prior to initiation of 
treatment (see Table 1). All participants demonstrated motor speech impairment with 
features of apraxia, and all but six presented with features of dysarthria as noted during a 
motor speech evaluation (Wertz et al., 1984). Fifteen participants showed impaired 
expressive grammar in connected speech and/or on the Northwestern Anagram Test (NAT, 
Weintraub et al., 2009), and five participants showed minimally impaired expressive 
grammar on standardized testing (score of 90% or greater on the NAT) and minimal to no 
grammatical impairment in connected speech. In addition to meeting diagnostic criteria for 
nfvPPA, participants were required to attain a score of 15 or greater on the Mini-Mental 
State Exam (MMSE, Folstein et al., 1975), and demonstrate intact repetition of at least five 
syllables on the repetition subtest of the Western Aphasia Battery-Revised (WAB-R, 
Kertesz, 2006), at pre-treatment. The average pre-treatment MMSE score was 27 (range: 
23-30; SD 2.4), indicating relatively spared cognition. In general, individuals were mildly 
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aphasic at pre-treatment as indicated by the average Aphasia Quotient on the WAB-R 
(86.4; range: 65-97.2; SD 9.0).  For additional details regarding demographics and 
cognitive and linguistic assessment scores for participants, see Table 1. 
Participation in the study also required either access to a stable internet connection 
in order to participate via teletherapy or the ability to attend in-person sessions at either of 
the research sites. Lastly, individuals with significant uncorrected hearing or visual 
impairment were not eligible for participation in the study. 
PROCEDURE 
All participants were treated using Video-Implemented Script Training for Aphasia 
(VISTA, Henry et al., 2018) as part of an ongoing PPA intervention study. Treatment was 
administered using a single-subject multiple baseline design. Participants were seen by a 
clinician in person (n = 6) or via HIPAA-compliant videoconferencing software (n = 14; 
ZoomÓ or FuzeÓ) if their distance from the treatment sites precluded in-person visits. 
Script Development and Stimuli Creation  
Prior to the initiation of treatment, participants provided the clinician with six 
conversational topics relevant to their individual communication interests and needs (e.g., 
“family” or “button collection”). The clinician then worked in conjunction with the 
participant to develop scripts for each of the six topics. Script length varied from four to 
seven sentences. The level of grammatical and motor speech impairment of the individual 
participants was taken into account when developing the scripts, yielding scripts which 
would challenge their abilities while still serving as feasible targets. The scripts were 
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balanced for number of words, number of sentences, number of complex words (words 
with three or more syllables), mean words per sentence, mean syllables per word, as well 
as readability using Flesch Kincaid reading scores (Flesch, 1948). Four scripts were 
randomly selected for training while the remaining two served as untrained controls. Prior 
to finalization, the scripts were shown to the participants once in order to ensure accuracy 
of content and to confirm that their composition was congruent with the participant’s 
individual communicative style. 
Video stimuli were created for each of the six scripts by recording the mouth of a 
healthy speaker, who spoke the script at a steady rate with exaggerated articulatory 
gestures. The speaking rate at which the scripts were recorded was determined by 
consideration of the participant’s speech rate during oral reading and picture description 
tasks. Ten participants were treated with the VISTA protocol with the addition of rate 
manipulation (VISTA-RM), a modification to the original treatment procedures that was 
designed to adaptively increase practice difficulty, as appropriate, based on patient 
performance. For these participants, videos for each script were created at two additional 
speaking rates by increasing the rate of the video using video and audio editing software 
(Adobe After Effects and Adobe Audition). This yielded a set of script videos at the 
participant’s “starting rate,” which was determined by the same procedure as the original 
VISTA protocol, as well as sets of script videos 10% and 20% faster than the participant’s 
starting rate. The instances in which these increased practice rates were implemented in 
treatment are described below. 
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Study Design and Treatment Protocol  
After finalization and recording of the scripts, the participants were asked to speak 
about each of the scripted topics during two pre-treatment probe sessions in order to 
establish baseline performance. The clinicians asked the participants to “Tell me about [the 
script topic]” and instructed them to try to remember the script they had developed together 
as best they could, having only seen the finalized scripts once.  
A practice video for each script was provided to the participants for the interval in 
which it was actively in treatment. The participants were instructed to practice with their 
script video for at least 30 minutes per day. Home practice consisted of watching the video 
with headphones on a computer or iPad provided by the researchers (for the duration of the 
study) and attempting to speak in unison with the healthy model. Homework also included 
targeted articulatory practice of a few scripted words or short phrases which the participant 
had struggled with during the previous treatment session, as appropriate.  
Treatment consisted of two 45-minute to 1-hour sessions per week. Sessions began 
with the collection of probes for the script in training and two of the other five scripts, with 
all scripts probed at least once each week. For the ten participants who were administered 
the original VISTA protocol, each script was trained for either 2 or 3 sessions, depending 
on performance. During probes, the number of correct, intelligible scripted words produced 
for each topic was calculated. A word was counted as correct if it was present relative to 
the words in the script and intelligible within the context of the scripted topic. If the 
participant met the criterion of 90% correct, intelligible scripted words during the probe at 
the beginning of the second session, a new script would enter treatment the following 
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session. The participant then began practicing the new script in homework and in sessions 
with the clinician; the previously trained script topic would continue to be probed each 
week but was not practiced further. For the ten participants engaged in the VISTA-RM 
protocol, all scripts were trained for 3 sessions. The clinician would consider the 
participant’s performance in both the spontaneous probe at the start of the session and a 
unison speech probe with the current script video in order to determine whether the 90% 
criterion was met. If criterion was reached in both conditions, the participant was provided 
with a new home practice video with speaking rate increased by 10% in order to enhance 
practice difficulty.  
During sessions with the clinician, a hierarchy of tasks ranging from more 
structured to more functional activities (see Table 2) was utilized to promote memorization 
and conversational usage of scripts. For instance, the participants were asked to select 
scripted sentences from amongst foils and engage in targeted articulation practice with 
words and phrases in order to maximize intelligibility. Functional tasks included 
responding to questions from the clinician and using scripted sentences in the context of a 
conversation with a novel listener. 
Immediately following the end of treatment, participants again underwent speech-
language and cognitive testing, and completed two sets of script probes during which all 
trained and untrained scripts were elicited. 
Transcription Procedure 
All pre- and post-treatment script probe time points (4 samples in total, 2 pre-
treatment and 2 post-treatment) were recorded either via digital camera if in person or via 
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teleconferencing software. Using these recordings, script probes were transcribed by 
speech-language pathology undergraduate or graduate students in the Aphasia Research 
and Treatment Lab who were trained in transcription and coding procedures.1  
For each participant, one time point was randomly selected to be transcribed a 
second time by one of the graduate students (K.B., K.S., or W.K-R.) in order to evaluate 
reliability. Transcriptions were then coded for analysis in CHAT (MacWhinney, 2000), the 
transcription program accompanying CLAN, by a single graduate research assistant (K.B.) 
to ensure consistency. Discrepancies in utterance boundaries between the two transcribers 
were resolved by consensus using criteria for utterance segmentation established for QPA 
by Saffran et al., 1989. After resolving utterance-level discrepancies, the transcriptions 
were compared at the word level using CLAN. The average percentage of matching words 
between the two transcribers for all dual-transcribed timepoints was 94%. After reliability 
was calculated, discrepancies in words were resolved via consensus.  
Measuring Overall Script Production Accuracy 
Percent of correct, intelligible scripted words at the pre- and post-treatment 
timepoints was collected by the clinicians for each script (trained and untrained). This 
measure served as the primary outcome measure in Henry et al., 2018, which reported on 
treatment effects for 10 of the nfvPPA participants included in the current study. While this 
measure was not the focus of the current study, documenting change on this measure 
provides information regarding the efficacy of the intervention approach in this larger 
                                                 
1 Four script probes were transcribed for all but two participants, where the audio quality of the recordings 
precluded a subset of probes from being accurately transcribed.  
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sample. As such, it provides context for interpreting change in performance on the novel 
discourse metrics evaluated in the current study. 
DISCOURSE MEASURES 
Coded transcriptions were analyzed using CLAN for several measures, as detailed 
below. These measures were chosen in order to evaluate the content, syntactic complexity, 
and rate of the participants’ speech based on prior research documenting connected speech 
impairments in nfvPPA (Ash et al., 2006, 2009, 2010, 2013; Croot et al., 2012; Graham et 
al., 2004; Grossman, 2012; Jokel et al., 2014; Knibb et al., 2009; Rohrer et al., 2010a; 
Sajjadi et al., 2012; Santos-Santos et al., 2016; Tetzloff et al., 2019; Thompson et al., 1997, 
2012, 2013; Wilson et al., 2010) as well as prior research examining changes in speech 
production and fluency following script training in stroke-induced aphasia (Ali et al., 2018; 
Bilda, 2011; Cherney et al., 2008, 2014, 2019; Cherney & Halper, 2008; Costello-Yacono 
& Balasubramanian, 2018; Goldberg et al., 2012; Grasso et al., 2019; Holland et al., 2002; 
Lee et al., 2009; Moss, 2009; Nobis-Bosch et al., 2011; Szabo et al., 2014; Youmans et al., 
2005, 2011). Given the time-intensive nature of transcription and analysis of connected 
speech, another aim in selecting the following measures was to limit the amount of hand-
coding necessary to analyze a large number of discourse samples. 
In contrast with traditional methods of discourse analysis, (e.g., Quantitative 
Production Analysis), the entirety of a participant’s response to a script probe was 
transcribed and entered into analysis, with the exclusion of only clearly off-topic 
comments. Whereas, for instance, Quantitative Production Analysis excludes habitual 
starters (e.g., “and then”), coordinating conjunctions joining utterances, and direct 
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discourse markers (e.g., “he said, ‘X’”) from the sample, we did not. Our more liberal 
approach to inclusion was chosen due to the open-ended nature of the probes and a desire 
to avoid subjective decisions regarding the exclusion of utterances. For our purposes, off-
topic comments subject to exclusion were defined as asides addressing an intervening event 
during the participant’s response (e.g., “my phone is ringing” or “they’re mowing outside”) 
or clear comments on the task (e.g., “this one is hard”).  
The CLAN program parses morphological and grammatical information using 
natural language processing algorithms. After entering transcriptions with utterances 
separated onto individual lines, the programs MOR, PREPOST, POST, POSTMORTEM, 
and MEGRASP may be run using a single command. This series of programs parses 
morphemes and disambiguates the grammatical relationships amongst them, producing 
tiers in the transcript which mark each part of speech and indicate their syntactic 
relationships. This process was performed on all the scripts prior to running further 
analysis. In the following sections, we provide details regarding each of the measures of 
interest in the current study. 
Words per Minute (WPM) 
Words per minute was chosen as the speech of individuals with nfvPPA has been 
documented to be markedly reduced in rate (Ash et al., 2010, 2013; Croot et al., 2012; 
Santos-Santos et al., 2016; Thompson et al., 1997, 2012; Wilson et al., 2010). Additionally, 
evidence from studies in stroke-induced nonfluent aphasia indicates that script training has 
a beneficial effect on speech rate (Ali et al., 2018; Cherney et al., 2008, 2014; Cherney & 
Halper, 2008; Costello-Yacono & Balasubramanian, 2018; Goldberg et al., 2012; Moss, 
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2009; Szabo et al., 2014; Youmans et al., 2005, 2011). Duration information was recorded 
by timing the length, in seconds, of the participant’s response after the clinician’s probe, 
“Tell me about [script topic].” The start time was indicated as beginning precisely with the 
participant’s first utterance, with the exception of a restatement of the topic in isolation or 
a habitual response to the probe (e.g., “Okay”), where timing commenced with the first 
word immediately following. The end time corresponded with the end of the final word 
spoken before the participant indicated they were finished. In some instances, at the end of 
the probe, the clinician would ask, “Is there anything else you would like to say?” If the 
participant then added more to their response, this was included in the transcription, with 
the duration of the clinician’s remark subtracted from the total duration. The count of total 
words was derived by summing counts of intelligible and unintelligible words performed 
in CLAN with the FREQ program. In order to calculate words per minute, the count of 
total words in a probe, including unintelligible words and words contained within a 
repetition or revision, was divided by the total duration, which was then multiplied by 60.  
Fluency Disruptions per Hundred Words  
Evidence from previous studies reveals that connected speech in nfvPPA is 
characterized by repetitions, revisions, and phonological paraphasias (Ash et al., 2010, 
2013, 2019; Croot et al., 2012; Santos-Santos et al., 2016; Thompson et al., 1997, 2012; 
Wilson et al., 2010). Additionally, studies of script training in stroke-induced nonfluent 
aphasia have shown reductions in repetitions and revisions in connected speech following 
treatment (Goldberg et al., 2012; Youmans et al., 2005). Given the number of different 
elements which may disrupt fluency in individuals with nfvPPA, we endeavored to capture 
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all of these in a measure balanced for the length of the sample. Our measure was a sum of 
the following four components, which represent disruptions to speech fluency: number of 
fillers, number of phonological fragments, number of repetitions, and number of revisions. 
This sum was then divided by the total number of words produced, as counted by summing 
counts of intelligible and unintelligible words in CLAN with the FREQ program, then 
multiplied by one hundred. All of the following were coded with specific markers in the 
transcriptions and then automatically summed through CLAN. 
Number of Fillers 
Fillers were indicated as defined by the CLAN manual: “uh,” “um,” “er,” “eh,” 
“you know,” with the addition of “like.” “You know” and “like” were only counted as 
fillers where they were habitual or they were clearly not acting as a meaningful structure.  
Number of Phonological Fragments 
A phonological fragment was defined as one or several phonemes produced 
together, which did not form a complete recognizable word in context. Successive 
approximations of a target word, as seen in a conduit d’approche, that were not intelligible 
as the target word in context were also considered fragments for coding purposes. If a clear 
conduit d’approche was initiated and did not reach an intelligible target at any point, the 
final or most complete string of phonemes was coded as an unintelligible word and the rest 
of the attempts were coded as phonological fragments. Strings of phonemes that were not 
clearly successive attempts at a single target or abrupt phonological fragments were coded 
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as unintelligible words, and therefore not included in the sum of fluency disruptions per 
hundred words. 
Number of Repetitions 
Repetitions were words or phrases that were repeated verbatim. 
Number of Revisions 
A revision was counted when the participant produced a word or phrase, then 
altered its lexical content, syntax, or pronunciation while maintaining the same conceptual 
information.  
Mean Length of Utterance (MLUm) 
Mean length of utterance was measured in morphemes. This measure was included 
because previous studies have documented reductions in mean length of utterance in the 
speech of individuals with nfvPPA (Ash et al., 2006, 2009, 2010, 2013; Graham et al., 
2004; Grossman, 2012; Jokel et al., 2014; Knibb et al., 2009; Rohrer et al., 2010b; Sajjadi 
et al., 2012; Santos-Santos et al., 2016; Tetzloff et al., 2019; Thompson et al., 1997, 2012, 
2013; Wilson et al., 2010). Additionally, research in stroke-induced aphasia has shown 
changes in MLU (Nobis-Bosch et al., 2011) and numbers of script-related morphemes 
produced (Cherney et al., 2008; Cherney & Halper, 2008) following script training. 
Revisions and repetitions were excluded from this measure. Utterances containing 
unintelligible words were included; however, the unintelligible words themselves were not 
counted. This measure was automatically calculated with the MLU program in CLAN. 
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Grammatical Complexity Index 
In individuals with nfvPPA who present with grammatical deficits, connected 
speech is characterized by reductions in syntactic complexity (Ash et al., 2010, 2013; 
Graham et al., 2004, 2016; Knibb et al., 2009; Rogalski et al., 2011; Sajjadi et al., 2012; 
Tetzloff et al., 2018, 2019; Wilson et al., 2010). Research in nonfluent stroke-induced 
aphasia provides evidence that script training improves production of grammatical 
morphemes for trained material (Cherney et al., 2008; Cherney & Halper, 2008; Goldberg 
et al., 2012) and production of more complete sentences (i.e., sentence-verb-object 
structures, Costello-Yacono & Balasubramanian, 2018). However, most analyses of 
complexity of syntax in connected speech require extensive hand-coding. We endeavored 
to examine the feasibility of using an automatically calculated measure of grammaticality 
to characterize treatment-related change following script training. CLAN allows for 
relatively automatic calculation of such a measure in the form of the grammatical 
complexity index. The grammatical complexity index is determined by counting the 
number of grammatical relations that are markers of syntactic embeddings and dividing 
this sum by the total number of grammatical relations in a sample. According to the work 
of Kimberly Mueller, who formulated the procedure in CLAN, the accuracy of this process 
using CLAN is about 95%, which is comparable to that of human coding (MacWhinney, 
2000). The grammatical complexity index is calculated through division of values provided 
by CLAN through the FREQ program. 
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Propositional Idea Density 
In selecting propositional idea density, we hoped to investigate its utility as a 
measure of treatment related change in informativeness in connected speech that did not 
require the extensive hand-coding associated with Correct Information Unit (CIU) 
analysis. Propositional idea density (sometimes referred to as “idea density”) describes the 
density of information conveyed, or propositions, in speech by summing the number of 
verbs, adjectives, adverbs, prepositions, and conjunctions and dividing by the total number 
of words. Research has shown that individuals with stroke-induced nonfluent aphasia 
present with reduced propositional density as compared to control subjects (Bryant et al., 
2013; Ferguson et al., 2013; Fromm et al., 2016; Ulatowska et al., 1981, 1983) and other 
subtypes of aphasia (Fromm et al., 2016). To our knowledge, propositional density of 
connected speech in nfvPPA has only been examined in one study, which found it to be 
effective in distinguishing nfvPPA from lvPPA and svPPA, with nfvPPA associated with 
decreased propositional density (Vander Woude, 2017). Additionally, propositional 
density has been shown to be a sensitive predictor of Alzheimer’s disease and decline in 
language associated with aging (Butler & Snowdon, 1996; Kemper et al., 2001; Mortimer 
& Borenstein, 2012; Riley et al., 2005; Snowdon et al., 1996). No hand coding is required 
for calculation of propositional idea density in CLAN. CLAN’s propositional idea density 
measure was adapted from Computerized Propositional Idea Density Rater, third major 
version (CPIDR3, Brown et al., 2008). 
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Proportion of Open to Closed Class Words 
This measure was primarily an exploratory measure. Results from studies 
examining nfvPPA are mixed, with some indicating a reduction in closed class words for 
at least a subset of participants (Ash et al., 2010; Thompson et al., 1997; Wilson et al., 
2010) and others showing reductions in open class words (Ash et al., 2010). In studies of 
script training in stroke-induced nonfluent aphasia, only Nobis-Bosch and colleagues have 
examined the percentage of open class words produced in connected speech, finding that 
two of 18 participants improved and one declined at post-treatment (Nobis-Bosch et al., 
2011). In keeping with our goal of exploring measures which did not require hand-coding, 
the proportion of open to closed class words can be automatically calculated via CLAN. It 
was included to examine its utility in characterizing treatment-related change on a 
morphological level, with the potential to inform changes in grammatical structures. 
Open class words include all nouns, adverbs, adjectives, and participles, as well as 
all verbs with the exclusion of auxiliaries, copulas, and modals. Closed class words include 
all other parts of speech not designated as open class, and are commonly referred to as 
function words. The total number of open class words in a sample was divided by the total 
number of closed class words in a sample in order to produce this proportion. This 
calculation was performed in CLAN, which automatically categorizes words into open and 
closed class. 
STATISTICAL ANALYSIS 
For each of the aforementioned outcome measures, each participant’s average for 
each script from pre-treatment (two observations per script at each timepoint, except for 
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two individuals who only had one usable pre-treatment video), and post-treatment (two 
observations, except for one individual who only had one usable post-treatment video) 
were calculated and subsequently used in our analyses. We used a series of mixed-effects 
linear regression models with a fixed effect of timepoint (pre or post-treatment) and a 
random intercept for participant using the nlme package (Pinheiro et al., 2020) in RStudio 
version 3.5.2 (R Core Team, 2018). Analyses for paired data were conducted for the 
following dependent variables: MLUm, WPM, propositional density, fluency disruptions 
per hundred words, grammatical complexity and the ratio of open to closed class words, 
for trained and untrained scripts from pre- to post-treatment. In order to contextualize these 
outcomes, the same analysis was performed on the primary treatment outcome measure of 
correct, intelligible scripted words for trained and untrained scripts from pre- to post-
treatment; for this variable, participants’ average accuracy was calculated across trained 
scripts or untrained scripts at each timepoint.  
To compare performance between trained and untrained content from pre- to post-
treatment, we conducted additional mixed-effects linear regression models with an 
interaction term of time (pre and post-treatment) and condition (trained and untrained) and 
a random effect of participant with the same dependent variables, allowing us to infer the 
specificity of observed training effects.  
For each analysis, residuals were assessed for outliers (who were subsequently 
removed from the analysis). General conformity to the assumption of normality was 
assessed via Shapiro-Wilk tests and quantile-quantile plots, and other assumptions were 
assessed via typical diagnostic methods. Because we predicted significant improvement on 
trained scripts and significantly greater improvement for trained scripts relative to 
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untrained scripts, these contrasts were assessed via one-tailed tests. Two-tailed tests were 
used to assess performance on untrained scripts as these effects were less predictable.  
Group-level statistics comprise our primary analyses. Nevertheless, because patient 
populations are often heterogenous in presentation and in their response to treatment, we 
report individual change scores (post-treatment – pre-treatment mean) for each outcome 
measure in order to quantify individual-level change. In order to evaluate the magnitude of 
changes on untrained samples at the individual level, we also identified the number of 
participants who showed improvement that was equal to or greater than the average 
improvement observed for trained script samples (for measures that showed significant 





PERFORMANCE ON SCRIPT PRODUCTION ACCURACY MEASURE FOLLOWING VISTA 
In order to contextualize the specific measures of interest in this study, we provide 
the results of a linear mixed-effects model evaluating performance on the treatment 
outcome measure of percent correct, intelligible scripted words. This analysis revealed a 
significant improvement from pre- to post-treatment (β= 51.08, F (1,19) = 189.43, p < 
.0001, 95% CI [43.51- 58.65]; pre-tx M = 37.55 % correct, post-tx M = 88.64 % correct, 
see Table 3 and Figure 1). This is consistent with data reported in Henry et al., 2018, 
wherein all 10 participants demonstrated a significant improvement in percent correct, 
intelligible scripted words for trained scripts following treatment. In contrast to the 
previous study, significant improvement on this measure was also observed for untrained 
topics (β= 6.46, F (1,19) = 6.96, p = .02, pre-tx M = 37.89 % correct, 95 % CI [1.47- 11.45], 
post-tx M = 44.35 % correct, see Table 3 and Figure 1).  
WORDS PER MINUTE2 
Participants’ performance on trained topics showed significant increases in words 
produced per minute from pre- to post-treatment (β= 14.44, F (1,138) = 36.96, p < .0001, 
95% CI [9.77-19.11], pre-tx M = 56.43 WPM, post-tx M = 71.18 WPM; see Table 3 and 
Figure 2). The average change score for WPM on trained topics was 14.54 (range = -58.49-
43.30), with 17 out of 20 individuals demonstrating numerical improvement (Table 4).  
                                                 
2 For this measure and all others following, data and analyses are reported after removal of outliers. Change 
scores were calculated from average performance at the participant level.  
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Untrained topics, however, did not show a significant change in words produced 
per minute from pre- to post-treatment (β= 2.90, F (1,58) = 1.35, p = .25, 95% CI [-2.03-
7.83], pre-tx M = 55.48, post-tx M = 59.25; see Table 3 and Figure 3). The average change 
score for WPM on untrained topics was 3.09 (range = -21.54- 21.70), with 15 individuals 
demonstrating numerical improvement but only three of those individuals showing change 
on untrained topics that was equal to or greater than the mean change observed for trained 
topics (see Table 4). 
FLUENCY DISRUPTIONS PER HUNDRED WORDS 
Significant differences were found from pre- to post-treatment in the number of 
fluency disruptions per hundred words that occurred when participants produced trained 
topics (β = -13.50, F (1,139) = 82.09, p < .0001, 95% CI [-16.43- -10.57], pre-tx M = 22.19 
disruptions, post-tx M = 8.69 disruptions; see Table 3 and Figure 2). The average change 
score for fluency disruptions per hundred words on trained topics was -13.50 (range = -
40.30-24.46), with 17 individuals demonstrating numerical improvement (see Table 4).  
Performance on untrained topics also showed significant improvement from pre- to 
post-treatment in the number of fluency disruptions per hundred words produced (β = -
3.50, F (1,59) = 4.25, p = .04, 95% CI [-6.84- -0.15], pre-tx M = 22.17 disruptions, post-tx 
M = 11.05 disruptions; see Table 3 and Figure 3). The average change score for fluency 
disruptions per hundred words on untrained topics was -3.50 (range = -22.26-21.45), with 
13 individuals demonstrating numerical improvement, but only two of those individuals 
showing change that was equal to or greater than the mean reduction observed for trained 
topics (see Table 4). 
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MEAN LENGTH OF UTTERANCE 
Participants demonstrated significant improvement for trained topics from pre- to 
post-treatment in MLUm (β= 1.57, F (1,139) = 25.01, p < .0001, 95% CI [0.95-2.18], pre-
tx M = 9.82, post-tx M =11.39; see Table 3 and Figure 2). The average change score for 
MLUm on trained topics was 1.57 (range = -2.07-6.15), with 14 individuals demonstrating 
numerical improvement (see Table 4).  
A nonsignificant improvement was observed for untrained scripts from pre- to post-
treatment in MLUm (β= .53, F (1,59) = 1.11, p = .21, 95% CI [-0.30-1.35], pre-tx M = 
10.00, post-tx M = 10.52; see Table 3 and Figure 3). The average change score for MLUm 
on untrained topics was .53 (range = -5.24- 3.73), with 15 individuals showing numerical 
improvement and six of those individuals showing change on untrained topics that was 
equal to or greater than the mean change observed for trained topics (see Table 4).  
GRAMMATICAL COMPLEXITY INDEX 
Participants demonstrated significant improvement from pre- to post-treatment in 
grammatical complexity for trained topics (β= 0.017, F (1,139) = 7.56, p = 0.004, 95% CI 
[0.004-.02], pre-tx M = .07, post-tx M = .09; see Table 3 and Figure 2). The average change 
score for grammatical complexity on trained topics was .017 (range = -0.049-0.051), with 
16 individuals demonstrating improvement (see Table 4).  
Participants did not, however, demonstrate a significant difference in grammatical 
complexity for untrained topics from pre to post-treatment (β= .006, F (1,59) = 1.25, p = 
.39, 95% CI [-0.007-0.02], pre-tx M = .07, post-tx M = .07; see Table 3 and Figure 3). The 
average change score for grammatical complexity on untrained topics was .006 (range = -
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0.02-0.04), with 11 individuals showing a numerical increase and five of those individuals 
demonstrating improvement that was equal to or greater than the average improvement 
observed on trained topics (see Table 4). 
PROPOSITIONAL IDEA DENSITY 
Participants did not show significant improvement in propositional idea density 
from pre- to post-treatment on trained (β = 0.002, F (1,139) = 0.05, p = .41, 95% CI [-0.02-
0.02], pre-tx M = .46, post-tx M = .47) or untrained topics (β= -0.01, F (1,59) = 0.80, p = 
.37, 95% CI [-0.03-0.01], pre-tx M = .46, post-tx M = .45). 
PROPORTION OF OPEN TO CLOSED CLASS WORDS 
A significant difference was observed from pre- to post-treatment in the proportion 
of open to closed class words for trained topics (β = 0.09, F (1,137) = 4.25, p = .02, 95% 
CI [0.004-0.17], pre-tx M = .98, post-tx M = 1.07; see Table 3 and Figure 2). The average 
change score for proportion of open to closed class words for trained topics was .05 (range 
= -.83 – 0.43), with 17 individuals showing a numerical increase (see Table 4).  
Untrained topics did not show a significant change from pre- to post-treatment in 
the proportion of open to closed class words (β = -0.05, F (1,59) = 0.47, p = .50, 95% CI 
[-0.19-0.09], pre-tx M = 1.02, post-tx M = .97; see Table 3 and Figure 3). The average 
change score for untrained topics for proportion of open to closed class words was -.05 
(range = -1.19 – 0.43), with 10 individuals showing a numerical increase and eight of those 
individuals showing change that was equal to or greater than the mean change observed for 
trained topics (see Table 4). 
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SPECIFICITY OF TREATMENT EFFECTS 
In order to discern the specificity of treatment effects, we conducted additional 
analyses for all outcome measures including the interaction term of training condition 
(trained and untrained) and time (pre and post). For percent correct, intelligible scripted 
words, we observed a significant interaction between training condition and time (β= -
44.62, F (1,57) = 88.61, p < .0001, 95% CI [-53.87--35.37]; see Figure 4), such that trained 
topics improved to a greater degree from pre to post-treatment relative to untrained topics, 
providing evidence of the specificity of the treatment effect (and experimental control) 
despite some generalization to untrained topics.  
We now turn to the discourse measures of interest. We observed a significant effect 
for the interaction of training condition and time on MLUm (β= -1.04, F (1,217) = 4.20, p 
= .03, 95% CI [-2.11- -0.02]; see Figure 4), words per minute (β= -11.35, F (1,215) = 8.38, 
p = .003, 95% CI [-19.26- -3.44]; see Figure 4), fluency disruptions per hundred words (β 
= 10.01, F (1,217) = 15.28, p < .0001, 95% CI [5.00-15.01]), and the ratio of open to closed 
class words (β= -0.13, F(1, 215) = 3.08, p = .04, 95% CI [-0.29-0.16]) with a greater degree 
of improvement observed for trained topics following treatment. The interaction term was 
not significant for the outcome measure of grammatical complexity (β= -0.01, F(1, 217) = 
1.27, p = .13, 95% CI [-0.03-0.008]), indicating that participants showed some 
improvement for both trained and untrained topics from pre- to post-treatment. 
SUMMARY OF RESULTS 
In summary, a significant change was observed from pre- to post-treatment on the 
original VISTA study outcome measure of production of percent correct, intelligible 
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scripted words. Additionally, the new discourse measures utilized for this study revealed 
significant changes in WPM, fluency disruptions per hundred words, MLUm, grammatical 
complexity, and proportion of open to closed class words. For untrained topics, a 
significant change was also observed in production of percent correct, intelligible scripted 
words and on the discourse measure of fluency disruptions per hundred words. Treatment-
induced changes in propositional density were not observed for trained or untrained topics 





To our knowledge, this is the first study to evaluate changes in discourse metrics 
following script training in individuals with nfvPPA. While studies examining the effects 
of script training in both nfvPPA and stroke-induced nonfluent aphasia have shown 
treatment-related improvements, the nature of improvements in connected speech has not 
been comprehensively investigated in individuals with nfvPPA.  
Given the heterogeneity of behavioral presentations in individuals with nfvPPA, 
treatment approaches addressing the full range of possible phenotypes involving 
grammatical and motor speech deficits hold greater promise for broad application. As 
indicated by improvement on the treatment measure of percent correct, intelligible scripted 
words, the participants in this study experienced direct benefit from script training for the 
trained topics. Complementing and extending previous findings (Henry et al., 2018), 
improvements were also observed for trained topics on additional measures examining 
speech rate (i.e., WPM), speech fluency (i.e., fluency disruptions per hundred words), and 
grammar (i.e., MLUm and grammatical complexity). Findings indicate that script training, 
via repeated rehearsal of naturalistic, connected speech, successfully targets the range of 
impairments observed in the heterogeneous nfvPPA syndrome, including deficits in 
grammar and/or motor speech (i.e., apraxia of speech). 
PERFORMANCE ON DISCOURSE MEASURES: TRAINED TOPICS 
Consistent with our hypothesis, participants showed significant improvements from 
pre- to post-treatment on trained script topics in WPM, which aligns with findings from 
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stroke-induced nonfluent aphasia script training studies (Ali et al., 2018; Cherney et al., 
2008, 2014; Cherney & Halper, 2008; Goldberg et al., 2012; Moss, 2009; Szabo et al., 
2014; Youmans et al., 2005, 2011). In addition, a significant decrease in the number of 
fluency disruptions per hundred words at post-treatment relative to pre-treatment for 
trained topics was found, which has been observed in studies evaluating script training in 
stroke-induced aphasia (Goldberg et al., 2012). These results may be best attributed to the 
nature of the script training intervention, the outcome of which yields memorized, 
relatively automatic segments of speech. This may preclude the need for revision, 
repetition, or filler words resulting from difficulty with assembly of syntactic structures or 
with motor execution. The increase in WPM from pre- to post-treatment for trained topics 
indicates that repetitive practice of trained scripts may have reduced the motoric and/or 
linguistic demands which typically affect speech rate for participants with nfvPPA.  
Additionally, in accordance with our hypothesis, MLUm and grammatical 
complexity were also observed to significantly improve for trained topics from pre- to post-
treatment. While studies have not examined grammatical complexity specifically in the 
context of script training in nfvPPA or stroke-induced aphasia, these results align well with 
studies showing an increase in script-related morphemes (Cherney et al., 2008; Cherney & 
Halper, 2008). Benchmarks for meaningful change with regard to grammatical complexity, 
as measured by CLAN, have yet to be established. While the significant improvement 
observed in this study indicates promise that script training may mitigate grammatical 
deficits, further research is needed to determine whether this change is clinically 
significant. With regard to MLU, Nobis-Bosch and colleagues found increases for a small 
subset of individuals through analysis of interviews with participants pre- and post-
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treatment (Nobis-Bosch et al., 2011). However, their results failed to reveal an effect 
specific to script training. As yet, no other studies have directly examined MLU as it relates 
to treatment effects in script training for individuals with nfvPPA or stroke-induced 
aphasia. Our results indicate that script training allowed participants with nfvPPA to 
produce more complex syntactic structures and longer utterances as a result of intervention. 
Contrary to our hypothesis, a significant difference was not observed in trained 
topics from pre- to post-treatment for propositional density. Propositional density was 
selected as a candidate measure for characterizing improvement in the speech of 
individuals with nfvPPA as we thought VISTA could positively affect informativeness.  
However, propositional density may have limitations as a measure of treatment-related 
change in connected speech in nfvPPA. Because propositions are counted based on the 
number of verbs, adverbs, adjectives, prepositions, and conjunctions in a sample, the 
number of propositions in a given sample may vary greatly depending on lexical selection. 
Complex verb phrases may be counted as single propositions despite being more 
syntactically complex than single verbs, meaning the count could be overlooking changes 
in complexity of verb structures. Notably, nouns are not counted in the measure of 
propositional density, which may disadvantage participants whose speech is primarily 
telegraphic (typically composed of nouns primarily). More specifically, this may not 
capture granular change in individuals who may have produced more unique nouns at post-
treatment, effectively increasing the informativeness of their speech without the use of 
other word classes. Sample length also has an effect on the measurement of propositional 
density (Ferguson et al., 2013; Spencer et al., 2015), suggesting that, in the case of 
 
 41 
individuals with very limited output, it may not be appropriate to compare with others who 
produce significantly more content.  
In contrast to our hypothesis, a significant increase was observed in the proportion 
of open to closed class words. Whereas we had expected an increase in the production of 
closed class words following script treatment, as they contribute to the formation of 
grammatical structures, the opposite pattern emerged. This may reflect a commensurate 
increase in the production of nouns and verbs above and beyond the increase in function 
words. Given that individuals with nfvPPA also exhibit word-finding difficulties, it is 
possible that script training’s benefits are more clearly observed in increasing access to 
script-related words in general. Additionally, norms for individuals with nfvPPA and 
healthy speakers have yet to be established for this metric. Results from Wilson et al., 2010 
indicated that only five of 14 participants with nfvPPA had reduced proportions of closed 
class words as compared with controls (Wilson et al., 2010). Other studies examining the 
proportion of open to closed class words in discourse tasks in nfvPPA relative to healthy 
controls have observed means for controls between 0.93 and 1.21 (Fraser et al., 2014; 
Thompson et al., 1997, 2012, 2013). For individuals with nfvPPA in these studies, the 
means for proportion of open to closed class words were 1.03 (Thompson et al., 2012), 
1.06 (Thompson et al., 2013), and 1.09 (Fraser et al., 2014), which align well with our 
observed means (0.98 trained pre-tx, 1.02 untrained pre-tx; 1.07 trained post-tx, 0.97 
untrained post-tx). However, in a longitudinal study of discourse in nfvPPA, the proportion 
of open to closed class words varied considerably between participants at various 
observations, ranging from 0.47 to 5.17 (Thompson et al., 1997). Notably, three out of the 
four participants in this study demonstrated an increase in this ratio over several years, 
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while one individual demonstrated relative stability in the measure over seven years. This 
indicates that, while the predominant pattern in nfvPPA is an increase in proportion of open 
to closed class words with disease progression, there may be other factors influencing this 
metric. It is likely that examination of this measure in subsets of individuals with nfvPPA 
who present with a greater degree of agrammatism may reveal more specific effects. 
Additionally, it is unclear what constitutes a clinically significant change in the proportion 
of open to closed class words. This limits our ability to interpret the functional relevance 
of the change observed in our participants, especially in the context of scripted speech. 
Further investigation is warranted in order to determine whether proportions of open and 
closed class words are useful in characterizing treatment-induced change in connected 
speech in nfvPPA. 
PERFORMANCE ON DISCOURSE MEASURES: UNTRAINED TOPICS 
A significant reduction in the number of fluency disruptions per hundred words was 
found for untrained script topics from pre- to post-treatment. We did not expect to see 
generalization of treatment effects related to script training at the group level, given the 
lack of consistent evidence for transfer to untrained material in previous studies. This 
unexpected finding indicates that script training may have a generalized effect on the 
production of fillers, repetitions, revisions, and phonological fragments in connected 
speech. Given that the production of these structures may indicate difficulties with motor 
speech, syntax, or lexical retrieval, further research is required to determine the underlying 
mechanism for improvement.  
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This finding may suggest that script training results in generalized improvement in 
this dimension of fluency through repeated practice of an “over-articulation” strategy. It is 
also possible that participants simply gained a greater level of comfort with speaking by 
engaging in regular speech production practice, and relied less on corrective formulations 
and hesitations. The effect of repeated probing of untrained topics may have also played a 
role in improvement on this measure for untrained topics. However, the significant result 
for the interaction between time and training condition for this measure confirms the 
specificity of the training effect, regardless of the effects of repeating probing.  
No other discourse measures reached significance for untrained topics but, as we 
predicted, some improvement was observed at the individual level. In a subset of 
participants, individual-level change scores for untrained topics showed numerical 
increases of equal or greater magnitude than the mean change for trained scripts. This was 
the case for WPM (n = 2), fluency disruptions per hundred words (n = 2), MLUm (n = 6), 
grammatical complexity (n = 5), and proportion of open to closed class words (n = 8). 
Taken together, these findings indicate that the greatest benefit of script training is 
observed for practiced material, but that individual participants may show generalized 
improvement in discourse production. 
Additionally, the fact that outcome measures for untrained topics showed numerical 
increases for a subset of participants or were relatively stable from pre- to post-treatment 
may be meaningful in the context of a progressive syndrome, wherein the expected pattern 
of change is that of decline. In nonfluent stroke-induced aphasia, investigation of 
generalization of improvement following script training to untrained discourse generally 
has not been conducted in detail. Results from studies examining untrained connected 
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speech relative to script training intervention provide evidence of generalization at the 
individual level on measures of grammaticality and informativeness, as well as rate of 
speech (Costello-Yacono & Balasubramanian, 2018; Nobis-Bosch et al., 2011). These 
outcomes indicate the need for further research assessing the potential for improvements 
related to script training in speech production and fluency to generalize to untrained 
connected speech in both nfvPPA and stroke-induced nonfluent aphasia. Future studies 
may find more in-depth analysis at the individual or sub-group level helpful in revealing 
more information regarding the effects of treatment on untrained connected speech tasks 
in heterogenous populations. 
SPECIFICITY OF TREATMENT EFFECTS 
Examination of the interaction of time (i.e., pre-treatment or post-treatment) and 
training status (i.e., trained or untrained) confirmed the specificity of the treatment effects. 
As anticipated, examination of the measure of correct, intelligible scripted words indicated 
a significant interaction such that trained scripts improved to a significantly greater degree 
from pre to post-treatment. The interaction term was also significant for WPM and number 
of fluency disruptions per hundred words. This, along with our initial analyses, indicate 
that trained topics improved to a significantly greater degree relative to untrained topics 
for these measures, which are generally related to speech production. With regard to 
measures indicative of grammaticality, a significant effect was observed for the interaction 
term for MLUm and proportion of open to closed class words. Although the fixed effect of 
time was only significant for trained topics, numerical improvements (MLUm and 
proportion of open to closed class words) were observed for untrained targets, explaining 
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the significant effects. A significant effect was not found with regard to the interaction term 
and grammatical complexity. Given that trained topics were found to show significant 
improvement in grammatical complexity at post treatment, this may indicate that script 
training resulted in general improvement for both trained and untrained topics. This notion 
is supported by numerical increases observed for untrained topics on this measure. Further 
research with larger samples allowing for examination of subsets of participants is needed 
to explore the possibility for VISTA to generalize to grammatical measures. The interaction 
term did not trend towards significance for propositional density, indicating stability of 
performance from pre- to post-treatment for trained and untrained topics on these measures.  
STRENGTHS, LIMITATIONS AND FUTURE DIRECTIONS 
This is the largest study to examine the utility of discourse measures for 
characterizing treatment response in individuals with nfvPPA who have undergone script 
training. Findings from this study constitute a first step toward future efficacy research in 
which effect sizes can be taken into account to establish benchmarks for discourse-level 
change in the context of script training. These results may also inform power analyses 
which can be used to inform sample size and determine the robustness of the effects of 
script training.  
Given the time- and labor-intensive nature of typical discourse analysis methods, 
an additional goal of this study was to investigate measures of grammatical ability and 
speech fluency that could be calculated with the greatest possible amount of automation, 
with ramifications for adoption in standard clinical settings. In this way, we hoped to 
discover means of quantifying treatment-related change in a large number of transcriptions 
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without requiring extensive hand-coding or subjective judgements of grammaticality. 
Results confirmed that a number of largely automated measures (e.g., WPM, fluency 
disruptions per hundred words, MLUm, grammatical complexity, and proportion of open 
to closed class words) were sensitive to VISTA (for trained topics). However, more 
detailed analysis may be required in order to determine whether script training may indeed 
have generalized benefits for individuals with nfvPPA that weren’t captured by largely 
automated analysis using CLAN.  
Linguistic analysis procedures which require detailed hand-coding processes and 
determination of grammaticality or informativeness (e.g., analysis of correct information 
units) may be labor-intensive but robust options for future exploration of generalized 
treatment effects related to script training in nfvPPA. Several individuals demonstrated 
numerical improvements on measures related to grammaticality as well as speech 
production for untrained topics; therefore, future studies should explore the possibility for 
generalization effects in larger samples which would allow for analysis within subgroups 
that present with agrammatism or motor speech impairment to a greater degree. While the 
number of individuals in this study demonstrating minimal impairment of grammatical 
ability precluded analysis at the subgroup level, some numerical differences are apparent 
in the change scores. The group of five individuals with minimal grammatical impairment 
had a greater average change score (WPM M = 18.27; fluency disruptions per hundred 
words M = -16.72; MLUm M = 2.55; grammatical complexity M = 0.023; proportion of 
open to closed class words M = 0.116) than the average of the rest of the cohort (WPM M 
= 13.30; fluency disruptions per hundred words M = -12.43; MLUm M = 1.24; grammatical 
complexity M = 0.014; proportion of open to closed class words M = 0.035) for trained 
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topics for all discourse measures excluding propositional density. However, it is unclear if 
this difference between the groups is significant in terms of response to script training 
treatment. Future research should explore whether script training provides differential 
benefit for individuals with relatively isolated motor speech impairment relative to those 
with relatively pure motor speech impairment or a mixed speech-language phenotype. 
Future studies should also explore cognitive-linguistic, motoric, and neural predictors of 
treatment response for specific discourse measures to better characterize individual 
participant factors that mediate treatment response.  
Because our analyses focused on production of scripted content, future work should 
examine whether treatment-related improvements on relevant outcome measures 
generalize to less constrained connected speech tasks. Additionally, acoustic measures 
examining pauses and articulation rate (e.g., proportion of silence time, Vogel et al., 2017; 
formant centralization ratio, Sapir et al., 2010) should be employed in future research, as 
outcome measures in the current study were largely linguistic, providing a less precise 
characterization of motoric ability (i.e., via WPM and fluency disruptions). 
 
CONCLUSION 
Given the potential for discourse samples to approximate real-world 
communication abilities for persons with aphasia, discourse analysis holds potential as a 
complementary means of characterizing speech and language abilities and treatment-
induced change. This study provides support for use of automatic analysis of transcribed 
connected speech in examining treatment effects for individuals with nfvPPA. Using 
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minimal hand-coding of speech samples in conjunction with CLAN software, we derived 
discourse measures that captured speech-language production in a more nuanced manner. 
The automatic calculation of these measures, which were sensitive to treatment in this 
population, holds potential for application in standard clinical settings where time 
constraints preclude the regular use of discourse analysis in assessment and monitoring of 
treatment outcomes. 
Our results provide further evidence that script training has the potential to address 
speech-language deficits for trained material in individuals with nfvPPA. Analysis of the 
connected speech of participants revealed improvements in measures of fluency, speech 
rate, and grammaticality for trained script topics. Given the functional nature of script 
training with personally-relevant topics, this intervention holds great promise in providing 
people with nfvPPA the means to continue communicating about meaningful subjects in 
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